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ABSTRACT
We present the JCMT Gould Belt Survey’s first look results of the southern ex-
tent of the Orion A Molecular Cloud (δ 6 −5:31:27.5). Employing a two-step structure
identification process, we construct individual catalogues for large-scale regions of sig-
nificant emission labelled as islands and smaller-scale subregions called fragments us-
ing the 850 µm continuum maps obtained using SCUBA-2. We calculate object masses,
sizes, column densities, and concentrations. We discuss fragmentation in terms of a
Jeans instability analysis and highlight interesting structures as candidates for follow-
up studies. Furthermore, we associate the detected emission with young stellar objects
(YSOs) identified by Spitzer and Herschel. We find that although the population of
active star-forming regions contains a wide variety of sizes and morphologies, there is a
strong positive correlation between the concentration of an emission region and its cal-
culated Jeans instability. There are, however, a number of highly unstable subregions
in dense areas of the map that show no evidence of star formation. We find that only
∼72% of the YSOs defined as Class 0+I and flat-spectrum protostars coincide with
dense 850 µm emission structures (column densities > 3.7× 1021 cm−2). The remain-
ing 28% of these objects, which are expected to be embedded in dust and gas, may be
misclassified. Finally, we suggest that there is an evolution in the velocity dispersion
of young stellar objects such that sources which are more evolved are associated with
higher velocities.
Key words: ISM: structure – catalogues – stars: formation – submillimetre: ISM –
submillimetre: general
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1 INTRODUCTION
The James Clerk Maxwell Telescope’s (JCMT) Gould Belt
Legacy Survey (GBS, Ward-Thompson et al. 2007) is a
large-scale project which has mapped the notable star-
forming regions within 500 pc of the Sun such as Orion A
(Salji et al. 2015b) and Orion B (Kirk et al. 2016), Taurus
(Buckle et al. 2015), Ophiuchus (Pattle et al. 2015), Serpens
(Rumble et al. 2015), Auriga-California (Broekhoven-Fiene
et al., submitted), and Perseus (Chen et al., accepted), in
450 µm and 850 µm continuum emission as well as 12CO,
13CO, and C18O spectral lines (see Buckle et al. 2012 and
references therein). In this paper, we present the first re-
sults from the Southern Orion A region observed at 850 µm
with the Submillimetre Common-User Bolometer Array 2
(SCUBA-2) instrument (Holland et al. 2013).
Southern Orion A is a 2.8° x 3.9° region within the
Orion cloud complex, predominantly composed of the L1641
cloud, which is an active star-formation site approximately
450 pc (see Muench et al. 2008 for a detailed review of the
distance to Orion) from the Sun. The southern tip of the
L1640 cloud to the north, however, is also included (i.e.,
the region south of δ 6 −5:31:27.5′′). Northern Orion A is
arguably the most well-studied nearby star-forming region,
as it is home to the Orion Nebula and the integral shaped
filament (ISF; Bally et al. 1987, Johnstone & Bally 1999; also
see Salji et al. 2015a and Salji et al. 2015b for a GBS analysis
of Orion A North). The Southern Orion A region, however,
is also an area of interest, showing several different stages of
low- and intermediate-mass star and cluster formation (see
Chapter 20 of Reipurth 2008).
The most southern declinations observed in this study
(-7°:00′ to -9°:25′) have received less focus in previous lit-
erature than the northern section of the cloud. There is,
however, still a wealth of data available. For example, Bally
et al. (1987) analysed extensive 13CO maps observed with
the AT&T Bell Laboratories 7 m antenna and noted that
the L1641 cloud was concentrated into a filamentary struc-
ture down to -9° in declination with a north-south velocity
gradient (see Allen & Davis 2008 and references therein for
a thorough review of L1641).
The detected emission in Southern Orion A includes
OMC-4, OMC-5, and L1641N, several active sites of Galac-
tic star formation close to the Sun. It contains dozens of
embedded sources (Johnstone & Bally 2006; Chen et al.
1996; Ali & Noriega-Crespo 2004), the NGC 1999 reflec-
tion nebula and its associated A0e star V380 Ori (Stanke
et al. 2010; Johnstone & Bally 2006), as well as the famous
Herbig-Haro objects (Herbig 1960) HH 34, HH 1/2, and HH
222 with their sources and their prominent, young outflows
(Johnstone & Bally 2006; Stanke et al. 2002; Reipurth et al.
2002; Reipurth et al. 2013). Observations of the cold dust
emission from (sub)millimeter detectors, however, are gener-
ally limited at the lower declinations in Southern Orion A.
Facilities, such as the Caltech Submillimetre Observatory
(CSO) or the IRAM 30 m Telescope, have mainly focused
on the Orion BN-KL complex or the Orion Bar, and have
thus only sparsely sampled these lower declinations (see,
for examples, Li et al. 2007, Vaillancourt et al. 2008, Berné
et al. 2014, Cuadrado et al. 2015, and references therein).
As such, most of the early submillimeter continuum obser-
vations of Southern Orion A were made with SCUBA-2’s
predecessor, SCUBA (Di Francesco et al. 2008; Nutter &
Ward-Thompson 2007; Johnstone & Bally 2006). Indeed,
these SCUBA observations revealed many clumps toward
Southern Orion A for the first time.
The SCUBA-2 observations presented here, however,
have a sensitivity which is an order of magnitude deeper
than the maps presented in Johnstone & Bally 2006 along
with a much wider spatial coverage (8100 arcmin2 compared
to 2300 arcmin2 in the original Southern Orion A SCUBA
data). Thus, we have a much better diagnostic to charac-
terize the dense, cold dust in Southern Orion A. To com-
plement these new continuum observations of dense, often
gravitationally unstable gas, we use extinction data taken in
the J, H and K bands that were determined from the Near-
infrared Color Excess (NICE) team (M. Lombardi, private
communication, July 18th, 2015), and the young stellar ob-
ject (YSO) catalogues of Megeath et al. (2012) and Stutz
et al. (2013) obtained using the Spitzer Space Telescope and
the Herschel Space Observatory, respectively. The correla-
tion between YSOs of different classes and the observed gas
and dust structure is a powerful tool that can be used to
help discern the dominant physical processes which influ-
ence star formation. Analysing the locations of protostars
and their more-evolved counterparts with respect to the gas
and dust in a molecular cloud is imperative for studying a
variety of topics including cluster formation and the effect
of feedback on the star-formation process.
In Section 2, we summarise the observations and data
reduction methods employed in this study. In Section 3, we
display the 450 µm and 850 µm SCUBA-2 maps of South-
ern Orion A, present our structure identification procedure,
and discuss the population of objects in terms of larger-scale
extinction, Jeans stability, and concentration. In Section 4,
we examine the associations between YSOs and dense con-
tinuum structure. We also investigate fragmentation as ob-
served in the continuum data in terms of its effect on star
formation and note interesting candidates for follow-up stud-
ies. We conclude this section with a discussion on the spa-
tial distribution of young stellar objects, and we construct
a simple model to understand the widespread locations of
young stars across Southern Orion A. Finally, in Section 5,
we summarise our main results.
2 OBSERVATIONS AND DATA REDUCTION
The observations presented throughout this paper were per-
formed using the SCUBA-2 instrument (Holland et al. 2013)
as part of the JCMT Gould Belt Survey (Ward-Thompson
et al. 2007). This instrument has provided continuum cover-
age at both 850 µm and 450 µm simultaneously at effective
beam sizes of 14.1′′ and 9.6′′, respectively (Dempsey et al.
2013). In this work, we present Southern Orion A in both
wavelengths, but focus mainly on the 850 µm data for anal-
ysis. All of the observations were taken in the PONG1800
mapping mode (Kackley et al. 2010), yielding circular maps
(“PONGs”) of ∼0.5° in diameter. There are seventeen 0.5°
subregions across the Orion A Molecular Cloud, thirteen
of which cover Southern Orion A. These locations were in-
dividually observed four to six times throughout February
2012 to January 2015, and were then co-added (once co-
added, these structures are referred to as “tiles”) and mo-
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saicked to form the final map. The tiles slightly overlap to
provide a more uniform noise level throughout the whole
of the Orion A Molecular Cloud. For a summary of the
typical noise present in each tile after contamination from
CO(J=3-2) has been removed (see the discussion below and
the Appendix), see Table 1. All observations were taken in
dry weather (τ225 GHz < 0.08) and two PONGs were taken in
very dry weather (τ225 GHz < 0.05). To define the northern
boundaries of the Southern Orion A region, a cut-off was
then applied at δ = −5:31:27.5 so that the northern half of
integral shaped filament, including the Orion Nebula Clus-
ter (ONC), was not included in this analysis. For analyses
performed on Orion A North, which slightly overlaps with
this region (OMC-4 is in both the Orion A North map as
well as the Southern Orion A map), see Salji et al. (2015a)
and Salji et al. (2015b).
The data reduction procedure was performed using the
iterative map-making technique makemap (explained in de-
tail by Chapin et al. 2013) in the SMURF package (Jenness
et al. 2013) found within Starlink (Currie et al. 2014). The
850 µm continuum image studied here is part of the GBS
LR1 release (see Mairs et al. 2015, for an overview). In this
data release, after the iterative map-making procedure was
performed for each observation, the individual maps were
co-added for a higher signal-to-noise ratio (SNR) and the
resulting image was used to define regions of genuine emis-
sion. A mask was constructed with boundaries defined by
an SNR of at least 2. This mask was used to highlight emis-
sion regions and perform a second round of data reduction
to recover better any faint and extended structure1. The
map is gridded to 3′′ pixels (as opposed to the GBS In-
ternal Release 1 (IR1) reduction method where the pixels
were 6′′) and the iterative solution converged when the dif-
ference in individual pixels changed on average by <0.1%
of the rms noise present in the map. The final mosaic was
originally in units of picowatts (pW) but was converted to
mJy arcsec−2 using the 850 µm aperture flux conversion fac-
tor 2.34 Jy pW−1 arcsec−2 and 4.71 Jy pW−1 arcsec−2 at
450 µm (Dempsey et al. 2013).
The CO(J=3-2) emission line contributes to the flux
measured in these 850 µm continuum observations (John-
stone & Bally 1999, Drabek et al. 2012). As Drabek et al.
(2012) and Coudé et al. (2016) discuss, however, this line
generally contributes low-level emission to continuum ob-
servations (6 20%) with only a few sources associated
with stellar outflows having anomalously high contamina-
tion (∼ 80%); see the Appendix for our own analysis of
the CO(J=3-2) contamination in Southern Orion A. After
the 850 µm map was produced, therefore, we subtracted the
CO(J=3-2) emission line from the continuum map using an-
cillary GBS data.
In the following, the 850 µmmap refers to the data from
which the CO(J=3-2) emission line has been subtracted.
The final SCUBA-2 maps are not sensitive to large-scale
1 Note that the boundaries employed in this paper are more con-
servative than those used in Mairs et al. (2015). The same SNR
was used to identify significant structure, but in this analysis, no
smoothing was applied to the boundaries whereas in the analysis
of Mairs et al. (2015), the boundaries were smoothed to incorpo-
rate more diffuse structure.
structures as these are filtered out during the data reduc-
tion (Chapin et al. 2013). For an overview of the GBS LR1
filtering parameters as well as results from testing the com-
pleteness of this method using artificial sources, see Mairs
et al. (2015). Briefly, a spatial filtering scale of 10′ is ap-
plied to all the data residing outside the SNR-defined mask.
This means that small-scale sources (<5′) are confidently
recovered but larger-scale structures between 5′ and 10′ will
have missing flux. The severity of this problem depends on
the emission structure of the source, the size of the SNR
boundary drawn around it during the data reduction, and
the inherent background structure of the map. The filter will
subtract out of the map any large, faint modes causing the
total, observed flux of sizeable objects that have compact,
bright components to be underestimated.
3 STRUCTURE WITHIN SOUTHERN ORION
A
In Figures 1 and 2, we present the full 850 µm and 450 µm
maps of Southern Orion A, respectively. Note that the north-
ern boundary we have chosen (δ = −5:31:27.5) includes the
“V-shaped” OMC-4. This southern extension of the Orion
A Giant Molecular Cloud (GMC) is less confused than its
northern locations (e.g. the ISF) but it still shows a diverse
set of objects defined by localised emission. It is, therefore,
an intriguing location to study the initial stages of star for-
mation at submillimetre wavelengths.
There are many locations of interest across these maps,
several of which are displayed as insets in Figure 1. Even a
cursory glance across the structure reveals a wealth of shapes
and sizes of significant emission. Broadly speaking, there are
no notable differences in the locations of emission structure
between the 850 µm and 450 µm maps. To quantify this
structure, several algorithms designed to extract, in an au-
tomated manner, structure from a given region are avail-
able (for example, see GaussClumps Stutzki & Guesten
1990, ClumpFind Williams et al. 1994, Astrodendro
Rosolowsky et al. 2008; GETSOURCES Men’shchikov
et al. 2012,and FellWalker Berry 2015). Each method
amalgamates locations of significant emission differently
based on user supplied criteria. Nevertheless, in maps such
as the 850 µm one presented here, structure should always
be identified with a goal of answering specific scientific ques-
tions. Currently, there is no single technique that is com-
monly agreed to work well for the broad array of physical
analyses possible for these data so different algorithms are
used even within the GBS papers (see, for examples, Salji
et al. 2015a, Salji et al. 2015b, Pattle et al. 2015, Kirk et al.
2016, Broekhoven-Fiene et al., submitted, and Lane et al. in
prep.).
Our goal here is to characterise both the ex-
tended and compact structure present and highlight
the connection between the large-scale (up to ∼ 7.5′
to 10′) and small-scale components (< 2′). We de-
fine a pixel to be “significant” if it has a value of at
least 3σrms,pix (σrms,pix = 9.4 mJy beam−1 2) in the CO-
subtracted 850 µm map. Thus, we first extract the largest
2 This value is higher than what is shown in Table 1 as the flux
in a pixel only measures a fraction of the flux in the beam.
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Table 1. A summary of the typical noise present in each of the seventeen publicly available tiles which comprise the Orion A Molecular
Cloud. Contamination from CO has been removed in the 850 µm images.
Tile Name Central R.A.
(J2000)
Central
Dec
(J2000)
850 µm Noise
(mJy beam−1)
450µm Noise
(mJy beam−1)
OMC1_TILE1 5:34:18 -5:09:58 4.0 58
OMC1_TILE2 5:34:57 -5:40:00 3.7 39
OMC1_TILE3 5:36:22 -5:16:56 3.7 34
OMC1_TILE4 5:35:50 -4:46:06 3.6 39
OMC1_TILE56 5:35:44 -6:07:25 3.7 53
OMC1_TILE7 5:36:12 -6:31:30 3.1 34
OMC1_TILE8 5:36:45 -7:02:26 3.5 63
OMC1_TILE9 5:38:16 -6:39:56 3.2 67
OMC1_TILE10 5:38:48 -7:10:27 3.4 63
OMC1_TILE11 5:40:06 -7:33:22 3.0 43
OMC1_TILE12 5:40:58 -8:00:26 3.3 67
OMC1_TILE13 5:42:48 -8:16:14 3.3 63
OMC1_TILE14 5:40:58 -8:32:13 3.4 58
OMC1_TILE15 5:42:49 -8:47:54 3.4 53
OMC1_TILE16 5:40:57 -9:03:53 3.3 53
OMC1_TILE17 5:33:09 -5:37:46 3.3 43
These measurements of the 850 µm and 450 µm noise levels are based a point source detection using pixel sizes of 3′′ and 2′′,
respectively, and beam FWHM values of 14.1′′ and 9.6′′, respectively.
Note that four of the observations were taken during SCUBA-2 science verification. They can be found in CADC under the project
code ’MJLSG22’
objects studied in this work by simply drawing a contour at
3σrms,pix and retaining all enclosed structures larger than
approximately one beam (15′′ in circularly projected diam-
eter). We accomplish this identification using Starlink’s ver-
sion of the algorithm ClumpFind (Williams et al. 1994) as
implemented in the Cupid package (Berry et al. 2007) by
defining only one flux level over which significant structure
is identified. Each non-spurious object detected is referred
to as an “island”; any flux present in the map outside of an
island is considered to be dominated by noise. The simplic-
ity of this initial step prevents the otherwise sophisticated
structure identification algorithms from separating adjoin-
ing structures based on more complex criteria. Figure 3 (left
panel) shows an example island which corresponds to HH
1/2.
In the second step, we employ the JCMT Science
Archive algorithm jsa_catalogue found in Starlink’s PI-
CARD package (Gibb et al. 2013). This algorithm uses the
FellWalker routine (Berry 2015). Briefly, FellWalker
marches through a given image pixel by pixel and identifies
the steepest gradient up to an emission peak. After perform-
ing tests to ensure that the peak is “real” and not just a noise
spike, the local maximum is assigned an identifying integer
and all the pixels above a user-defined threshold that were
included in the path to the peak are given the same identi-
fier. In this way, all of the robust peaks in the image are cat-
alogued and the structure associated with each peak can be
analysed. The user-defined parameter, MinDip, governs the
separation of distinct, significant structure. FellWalker
separates structure based on the relative brightness of the
region between two areas of peaked emission. If two adja-
cent structures have peak emission values of P1 and P2
with P1 < P2, and the pixels connecting these two peaks
have brightnesses larger than P1−MinDip, the two emission
structures are merged together. For this work, the catalogue
produced is focussed on smoothly varying, peaked structure
and the MinDip parameter was set to 5× local noise.
For simplicity in the definition of the largest structures
identified, we rely on the islands described above and we
use the “compact catalogue” produced by the FellWalker
algorithm to describe the localised, peaked structure visible
in the map. These localised peaks are often akin to the indi-
vidual mountains on an island. jsa_catalogue is run inde-
pendently of the initial contouring, separating emission con-
tained within the larger islands into multiple components. In
this way, the compact catalogue generated reveals the sub-
structure present within the context of coincident large-scale
emission. For this reason, we refer to the compact compo-
nents as “fragments”. Fragments are allowed to be somewhat
smaller than one beam, their circular projected radius must
be at least 5′′ (compare this to the JCMT’s half width at half
maximum of 7.5′′). Therefore, they can also exist outside of
islands as isolated objects. Note that in many cases, how-
ever, the smoothly varying emission structure causes several
fragments to be of comparable size to islands, so they should
not be directly compared to individual, star-forming cores in
all cases. Throughout the rest of this paper, an island which
contains at least two fragments will be referred to as a “com-
plex island” and an island that contains only one fragment
will be referred to as a “monolithic island”. Note that in the
case of the monolithic islands, their corresponding fragments
often trace almost the exact same structure. Generally, the
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Figure 1. The 850 µm SCUBA-2 map of the GBS-defined Southern Orion A region. Several areas of significant emission are highlighted
as insets in the main image. These include the “V-shaped” OMC-4 structure at the northern tip of the map (Johnstone & Bally 1999),
HH 1/2 (Johnstone & Bally 2006; also see Herbig 1951, Haro 1952, and Haro 1953), HH469 (Aspin & Reipurth 2000), L1641-N, and
L1641-S (Fukui et al. 1986).
total area of a fragment associated with a monolithic island
is 80-100% of the total area of the island. The right panel
of Figure 3 shows how the HH 1/2 island (blue contours) is
separated into six fragments by this technique (black con-
tours). The detected fragments typically trace the islands
quite well (to within 610-20% in area). Accuracy depends,
however, on the morphology of the emission structure.
3.1 Calculation of Physical Properties
For each island or fragment, we use the associated identi-
fication algorithm and the 850 µm SCUBA-2 data to mea-
sure the number of pixels associated, the brightest pixel and
its location, as well as the total flux density. Table 2 sum-
marises the main observational parameters for each 850 µm-
identified island. Note that we align the 850 µm - identified
island boundaries with the 450 µm map and we extract the
total flux and the peak flux from the latter to include it
MNRAS 000, 1–?? (2016)
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Figure 2. The 450 µm SCUBA-2 map of the GBS-defined Southern Orion A region.
in Table 2. We limit the analysis of the 450 µm data to
finding the total and peak fluxes of 850 µm-identified island
locations as a full comparison between these two datasets
goes beyond the scope of this work. Assuming a constant
dust emissivity and temperature, we then calculate the mass
(M), the peak column density (Npeak), the radius (R; calcu-
lated from the circular projection of the given object), the
Jeans mass (MJ , the maximum mass that can be thermally
supported in a spherical configuration), and the “concentra-
tion” (or “peakiness”). We present this derived information
organised in order of the peak brightness of the sources for
850 µm islands and 850 µm fragments in Tables 3, and 4, re-
spectively. The 450 µmOrion A data convolved to match the
850 µm data along with temperature maps of all the GBS
regions are currently under production and will be released
by Rumble et al. (in prep). For a discussion of the deter-
mination of source temperatures using 450 µm and 850 µm
data in the Ophiuchus Molecular Cloud, see Pattle et al.
(2015).
Assuming the optical depth, τ , is much less than 1, the
dust emission observed at 850 µm can be used to derive
the mass of a given island or fragment using the following
MNRAS 000, 1–?? (2016)
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Figure 3. Left : An example of an identified island. This blue 3σrms,pix contour contains the Herbig-Haro objects HH 1/2 (Johnstone
& Bally 2006). Right : The blue contour again shows the boundaries of the island while the black contours show six individual compact
fragments identified by the jsa_catalogue algorithm.
equation
M850 = 2.63
(
S850
Jy
)(
d
450 pc
)2(
κ850
0.012 cm2g−1
)−1
×
exp
(
17 K
Td
)
− 1
exp
(
17 K
15 K
)− 1
M, (1)
where S850 is the total flux density of the observed emis-
sion structure at 850 µm, d is the distance to Southern
Orion A, κ850 is the dust opacity at 850 µm, and Td is the
isothermal temperature of the dust, which we assume to be
equivalent to the gas temperature. For this work, we choose
d = 450 pc (Muench et al. 2008), κ850 = 0.012 cm2g−1 (fol-
lowing the parametrization of Beckwith et al. 1990, κν =
0.1[ν/1012 Hz]β cm2 g−1, where β = 2.0), and Td = 15 K.
Our chosen dust opacity value is consistent with those in
other GBS first-look papers such as Pattle et al. (2015) and
Kirk et al. (2016), though, the uncertainty in κ850 is high
(see Ossenkopf & Henning 1994). Preliminary results in-
vestigating the temperatures of significant emission regions
throughout Orion A by Rumble et al. (in prep) show that
temperature values range around 15 K for modest flux val-
ues in the CO subtracted 850 µm map. This also agrees with
the Orion A temperature map derived by Lombardi et al.
(2014) using Herschel Space Observatory and Planck Space
Observatory data. Thus, we chose an isothermal dust tem-
perature of 15 K for the sources identified in this analysis.
Note that recent data from the Planck Space Observatory
(Planck Collaboration et al. 2015) suggests that β ∼ 1.8 for
the Orion Molecular Cloud. This small difference in β does
not affect any of our main conclusions, so we continue to
assume a value of β = 2 which is typically assumed in the
ISM (see Chen et al., accepted, for a discussion on β).
The total uncertainty associated with each term in-
volved in calculating a mass is difficult to precisely quan-
tify. There are uncertainties due to the emission properties
of dust grains, temperatures and heating due to YSOs, and
distance variations from Northern to Southern Orion A com-
bined with the effects of line of sight projections on the to-
tal size of a given source. The dominant contributions to
the uncertainty are the temperature and opacity estimates.
Temperatures used for similar analyses span 10-20 K (see,
for example, Sadavoy et al. 2010a) which introduces a factor
of ∼ 2 in the mass estimate (see equation 1). Preliminary
results from Rumble et al. (in prep) also suggest that while
most sources we observe appear to have temperatures of
∼ 15 K, the distribution has a width of ∼ ±5 K. In addi-
tion, different authors use a range of κ850 values (such as
0.02 g cm−2, see Kirk et al. 2007) introducing another fac-
tor of ∼ 2 in uncertainty. Therefore, an estimate of the total
uncertainty in mass is a factor of 3 to 4. Note, however, that
most of this is in fundamental properties that are expected
to be similar across the cloud (for example, dust opacity,
mean temperature, and distance).
The column density of H2 molecular hydrogen at
850 µm is given by
Npeak = 1.19× 1023
(
f850,peak
Jy beam−1
)(
κ850
0.012 cm2g−1
)−1
×
exp
(
17 K
Td
)
− 1
exp
(
17 K
15 K
)− 1
 cm−2, (2)
assuming a beam width of 14.1′′ at 850 µm, where f850,peak
is the peak flux density given in Jy beam−1. The Jeans mass
can be rewritten in terms of the temperature and the radius
of a given island or fragment, R (see Sadavoy et al. 2010b)
MJ = 2.9
(
Td
15 K
)(
R
0.07 pc
)
M, (3)
where R is the given emission structure’s projected circu-
lar radius, assuming spherical geometry (the value given in
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the seventh column of Table 3). We approximate the aspect
ratios of the islands and fragments (tenth column of Ta-
ble 3 and eleventh column of Table 4) using flux-weighted
horizontal and vertical lengths calculated in the same way
by the respective source extraction algorithms, ClumpFind
and FellWalker (see Berry et al. 2013 for more detailed
information). We note that the distributions of aspect ratios
(the length of the horizontal dimension divided by the length
of the vertical dimension) for both islands and fragments are
peaked near 1.0, implying that our assumption of spherical
geometry is reasonable. There are, however, sources which
deviate by up to a factor of a few. By calculating the ra-
tio between the island or fragment mass and its associated
Jeans mass (assuming only thermal pressure support is act-
ing against gravity), we can identify objects that are un-
stable to gravitational collapse. A gravitationally unstable
object has a ratio ofM/MJ > 1. Nevertheless, due to the in-
herent uncertainties in the measurements described above,
we define a significantly gravitationally unstable island or
fragment as one which has M/MJ > 4.
The concentration, C, is a useful metric to quantify
whether or not a structure is peaked. The concentration
is calculated by comparing the total flux density measured
across a given island or fragment to a uniform structure of
the same area wherein each pixel is set to the peak bright-
ness, f850,peak (following Johnstone et al. 2001):
C = 1− 1.13B
2S850
piR2 × f850,peak , (4)
where B is the beam width in arcseconds, R is the ra-
dius of the source measured in arcseconds, S850 is the to-
tal flux of the source measured in Jy, and f850,peak is the
peak brightness of the source measured in Jy beam−1. Thus,
large islands or fragments which are mostly diffuse will
have a low concentration whereas bright, more peaked is-
lands/fragments will have concentration values nearing one.
For example, a non self-gravitating, uniform density Bonnor-
Ebert sphere has C=0.33 and a critically self-gravitating
Bonnor-Ebert sphere has C=0.72 (see Johnstone et al.
2001).
Peaked structure is often indicative of a higher impor-
tance of self-gravity in the observed gas and dust (see John-
stone et al. 2001, Kirk et al. 2006, and Kirk et al. (2016) or
heating due to the reprocessing of emission from the pres-
ence of young stellar objects. In general, peaked structure
is associated with YSOs (see Jørgensen et al. 2007, Jør-
gensen et al. 2008, and van Kempen et al. 2009 for exam-
ples), though, Kirk et al. (2016) found many starless cores
with high concentrations (>0.72) in the Orion B Molecular
Cloud.
3.2 Islands
Each identified island is simply defined as a closed,
3σrms,pix = 28 mJy beam−1 contour larger than one beam.
In Table 3, we present a small sample of individual island
properties derived from the 850 µm data (the full catalogue
is available online). Throughout this section, we give a brief
overview of the island population, focussing on the mass and
the stability as key observational parameters. In Section 4,
we elaborate on the connections between these structures
and the broader physical perspective involving fragmenta-
tion and the population of YSOs. There are 359 identified
islands in total which comprise 2.2% of the area of the total
map. Out of these, 55 islands were calculated to be Jeans
unstable (see Section 3.1) and 75 islands were found to har-
bour protostars within their boundaries.
The left panel of Figure 4 shows the mass histogram
of the entire island population. The masses were calculated
using Equation 1, assuming an isothermal temperature of
15 K. As we can clearly see, most island masses are under
10 M with only a few examples of very large, contiguous
structures. This situation is to be expected, as large-scale
structure is filtered out in SCUBA-2 data and in many cases
we only expect to see the brighter components of this un-
derlying emission.
This histogram does not represent a core mass function
as the islands do not uniformly represent pre-stellar objects.
Instead, it provides an indication of the largest-scale features
to which SCUBA-2 is sensitive. In fact, defining a core mass
function from data such as these is inherently difficult due
to the broad variety of ways different structure identification
algorithms draw borders around adjoining areas of emission
(Pineda et al. 2009).
For every island, we calculate the Jeans mass using
Equation 3 and test the stability of the object by comparing
it to the observed mass derived from the dust emission. As
noted in Section 3.1, an object is theoretically unstable if
its M/MJ ratio is greater than 1, but we consider a signifi-
cantly unstable object to have an M/MJ ratio greater than
or equal to 4 due to the inherent uncertainties in the mass
calculation described above (also see Section 4.2). We ex-
pect large, unstable islands to collapse and fragment on the
Jeans length scale (assuming there is only thermal pressure
support counteracting gravity in these objects) and small,
unstable islands to show some indication of star formation
such as high concentration or association with a YSO. Pre-
liminary results from Rumble et al. (in prep) derived from
450/850 µm flux ratios suggest that a histogram of the me-
dian temperature of each island peaks at ∼ 15 K within
a broad range. The right panel of Figure 4 shows the re-
sults on the stability of each island across the map. The
two dashed lines show which islands are calculated to be
unstable (M/MJ > 1) and which are significantly unstable
(M/MJ > 4). It is important to note that SCUBA-2 is not
sensitive to large-scale structure. As we highlight in Section
3.4, islands comprise ∼ 1.4% of the cloud’s mass. For the
purposes of this analysis, we focus on the smaller-scale star
forming sources in the regions of highest column density in
the SCUBA-2 850 µm map and we assume that the mass
on the larger scales can be separated out from the more
local analysis. We leave the more thorough stability analy-
sis for the sections below where we combine the island and
fragment catalogues, and we can examine individual special
cases in the context of fragmentation and YSO association.
3.3 Fragments
The jsa_catalogue algorithm which we use to identify
fragments employs the structure identification procedure
FellWalker (Berry 2015) to detect objects and separate
significant emission into individual sources. In total, 431
fragments are detected by jsa_catalogue, 100 of which
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Table 2. A sample of the observed parameters corresponding to the 850 µm-identified islands (the full catalogue is available online).
Source Namea
MJLSG...
ID RA b
(J2000)
DEC b
(J2000)
Area c
(arcsec2)
S850 d
(Jy)
f850,peak e
(Jy beam−1)
S450 f
(Jy)
f450,peak g
(Jy beam−1)
J053619.0-062212I 1 5:36:18.99 -6:22:11.88 81024.57 57.0 1.43 181.79 0.49
J053956.2-073027I 2 5:39:56.18 -7:30:27.31 24889.79 18.0 1.04 56.85 0.34
J053919.9-072611I 3 5:39:19.88 -7:26:11.05 11887.27 9.0 0.81 31.16 0.3
J053623.1-064608I 4 5:36:23.06 -6:46:08.20 33575.05 22.0 0.70 72.66 0.3
J053508.8-055551I 5 5:35:08.77 -5:55:51.43 29578.88 18.0 0.52 54.36 0.16
... ... ... ... ... ... ... ... ...
J054056.9-081730I 359 5:40:56.87 -8:17:30.23 313.49 0.05 0.02 0.06 0.01
a. The source name is based on the coordinates of the peak emission location of each object in right ascension and declination:
Jhhmmss.s±ddmmss. Each source is also designated an “I” to signify it is an island as opposed to a fragment.
b. The 850 µm map location of the brightest pixel in the island.
c. The total area of an island.
d.The total 850 µm flux observed within the island’s boundaries.
e. The maximum 850 µm flux value within the island’s boundaries.
f.The total 450 µm flux observed within the island’s boundaries.
g. The maximum 450 µm flux value within the island’s boundaries.
Table 3. A sample of 850 µm-identified islands and their properties (the full catalogue is available online). Islands are ordered from
highest to lowest Npeak.
Island
ID
N apeak
(cm−2)
M b
(M)
R c
(pc)
M
MJ
d C e AR f A gK
(mag)
Frags h Protos i
1 3.66×1023 148.61 0.35 10.42 0.95 1.14 1.51 13 12
2 2.67×1023 47.8 0.19 6.05 0.93 1.22 2.65 3 6
3 2.08×1023 23.51 0.13 4.3 0.90 1.11 1.82 2 2
4 1.79×1023 58.17 0.23 6.33 0.90 1.0 1.29 6 5
5 1.34×1023 46.19 0.21 5.36 0.88 1.3 0.54 6 4
... ... ... ... ... ... ... ... ... ...
359 4.86×1021 0.13 0.02 0.14 0.17 4.56 1.15 0 0
a. The peak column density is calculated by using the flux density of the brightest pixel in the island (f850,peak) in Equation 2 (using
the values shown in the text).
b. The mass is calculated by using the total flux of the island (S850) in Equation 1 (using the standard values shown).
c. Effective radius that represents the radius of a circular projection having the same area, A, as the island: R = (A/pi)0.5.
d. The Jeans mass is calculated using the radius of the island in Equation 3 (using the standard values shown).
e. The concentration is calculated using Equation 4.
f. AR is the aspect ratio of the source. It is defined as the length of the horizontal dimension divided by the length of the vertical
dimension.
g. AK is the average value taken directly from the extinction map provided by M. Lombardi (private communication, July 18th, 2015)
of each source footprint. The extinction can be converted to column density using Equation 5.
h. The number of fragments associated with the island.
i. The number of protostars identified by Megeath et al. (2012) and Stutz et al. (2013) within the island’s boundaries.
are calculated to be Jeans unstable (see Section 3.1) and 103
of which contain at least one protostar within their bound-
aries. The left panel of Figure 5 shows the mass distribution
of the observed fragments and the right panel shows the
Jeans stability associated with the same population. Table
4 shows several examples of fragment properties and the full
catalogue is available online.
Since each fragment is defined to be associated with
a local maximum, these objects often subdivide the larger
islands into multiple areas of significant emission. While pro-
jection effects are difficult to constrain, the fragments high-
light the connection between the larger- and smaller-scale
structure in star-forming regions and offer a useful reference
for more in-depth studies. Since these fragments are often
inherently smaller and less diffuse than their island hosts,
it is within the context of fragments that we more thor-
oughly discuss the connection between dust emission and
star formation. There is a wide range in observed fragment
masses spanning from 0.03 to 39.3 M with a median mass
of ∼0.7 M. It is interesting to note, however, that there are
no detected fragments with masses above ∼ 39 M (Figure
5). Several sources are detected in this high mass regime, but
there is a sudden truncation indicating that objects which
achieve higher masses are broken into smaller-scale, localised
structures. This is obvious when we compare the high mass
end of the fragment distribution with the high mass end of
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Figure 4. Left : Histogram of the masses of the island population. The number of islands decreases with mass following a power law
with an exponent of -0.54. Right : Histogram of the stabilities (M/MJ ) of the island population. Islands with a ratio of M/MJ > 1 may
be gravitationally unstable to collapse, whereas islands with M/MJ > 4 are defined as significantly unstable and are expected to show
evidence of gravitational collapse.
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Figure 5. Left : Histogram of the masses of the fragment population. The high mass slope of the fragment population matches the island
high mass slope. Right : Histogram of the stabilities (M/MJ ) of the fragment population. Fragments with a ratio of M/MJ > 1 may be
gravitationally unstable to collapse, whereas fragments with M/MJ > 4 are defined as significantly unstable and are expected to show
evidence of gravitational collapse.
the island distribution in Figure 4 (left panel). The highest
mass islands each contain at least three fragments within
their boundaries. Also, note that the slope of the fragment
mass histogram is comparable to the island mass histogram
at large masses. This indicates that the large fragments are
not completely analogous to cores, but represent more ex-
tended regions of smoothly varying significant emission. As
in the case of the island mass distribution shown in the
left panel of Figure 4, this histogram does not represent a
core mass function because the fragments do not uniformly
represent pre-stellar objects. Note, however, that the Fell-
Walker algorithm separates objects based on the height of
a given emission peak relative to its local surroundings. This
means that while many fragments may be large, they only
contain one prominently peaked region.
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Table 4. A sample of 850 µm-identified fragments and their properties (the full catalogue is available online). Fragments are ordered
from the highest to lowest Npeak within each parent island.
Source Namea
MJLSG...
Frag
ID
Island
ID
R.A. b
(J2000)
Dec b
(J2000)
Npeak
c
(cm−2)
M d
(M)
R e
(pc)
M
MJ
f
C g ARh A iK
(mag)
Protos j
J053619.0-062212F 1 1 5:36:18.99 -6:22:11.88 3.66×1023 38.88 0.13 7.36 0.9 1.13 1.51 5
J053625.4-062500F 2 1 5:36:25.43 -6:24:59.78 9.63×1022 27.31 0.13 4.99 0.76 1.28 1.13 5
J053641.7-062618F 3 1 5:36:41.74 -6:26:17.59 7.15×1022 21.1 0.13 3.9 0.74 1.63 0.31 0
J053621.0-062151F 4 1 5:36:21.00 -6:21:50.88 6.81×1022 12.71 0.1 3.25 0.69 1.03 1.51 0
J053624.8-062239F 5 1 5:36:24.83 -6:22:38.83 6.73×1022 19.02 0.12 3.88 0.7 1.97 1.45 1
... ... ... ... ... ... ... ... ... ... ... ... ...
J054250.0-081209F 431 None 5:42:49.95 -8:12:09.16 5.91×1021 0.05 0.01 0.09 0.28 1.8 1.06 0
a. The source name is based on the coordinates of the peak emission location of each object in right ascension and declination:
Jhhmmss.s±ddmmss. Each source is also designated an “F” to signify it is an fragment as opposed to an island.
b. The 850 µm map location of the brightest pixel in the fragment.
c. The peak column density is calculated by using the flux density of the brightest pixel in the fragment (f850,peak) in Equation 2
(using the values shown in the text).
d. The mass is calculated by using the total flux of the fragment (S850) in Equation 1 (using the standard values shown).
e. Effective radius that represents the radius of a circular projection having the same area, A, as the fragment: R = (A/pi)0.5.
f. The Jeans mass is calculated using the radius of the fragment in Equation 3 (using the standard values shown).
g. The concentration is calculated using Equation 4.
h. AR is the aspect ratio of the source. It is defined as the length of the horizontal dimension divided by the length of the vertical
dimension.
i. AK is the average value taken directly from the extinction map provided by M. Lombardi (private communication, July 18th, 2015)
of each source footprint. The extinction can be converted to column density using Equation 5.
j. The number of protostars identified by Megeath et al. (2012) and Stutz et al. (2013) within the fragment’s boundaries.
3.4 Large-scale Structure from Extinction
Here, we analyse the observed islands and associated YSOs
from the Megeath et al. (2012) and Stutz et al. (2013) cata-
logues in the context of large-scale structure. To this end, we
use the extinction data from Lombardi et al. (2011) at 1.5′
resolution (Lombardi, M. priv communication, 2015). Fig-
ure 6 shows the Lombardi et al. extinction data as contours
overlaid on the SCUBA-2 850 µm extinction map. These ex-
tinction data were determined using the Near-infrared Color
Excess (NICEST) method from Lombardi (2009). In effect,
theNICESTmethod seeks to remove contamination of fore-
ground stars and inhomogeneities introduced by unresolved
structure. The extinction measurements were calculated us-
ing near-infrared observations from the Two Micron All Sky
Survey (2MASS; Skrutskie et al. 2006). We note that the
difference in the resolution between the SCUBA-2 map and
the extinction map results in some small variations in peak
emission location as represented in Figure 6.
Following calculations presented in Lombardi et al.
(2014), we converted the AK extinction values to column
densities using the conversion
Σ
AK
' 183 M pc−2 mag−1, (5)
where Σ is the mass surface density.
Figure 7 compares the cumulative mass fraction for all
of Southern Orion A, the islands, and the YSO population
plotted against the column density derived from Lombardi
et al’s extinction map. For the cloud distribution, we derive
the mass from the extinction map and consider only those
data where SCUBA-2 observed. Similarly, for the islands,
we determined the mass associated with the islands from our
analysis in Section 3.2 (e.g., contiguous regions with 850 µm
emission > 3σrms,pix). Finally, for the YSOs, we use the
number of sources in all classes above each column density
level, assuming a standard average YSO mass of 0.5 M (for
example, see Megeath et al. 2012 and Stutz et al. 2013).
Figure 7 can be compared with a similar analysis per-
formed in Orion B (Kirk et al. 2016) with the caveat that
the extinction map used in this paper has much coarser res-
olution and therefore, on average, much smaller column den-
sity values. The total mass of the SCUBA-2 observational
footprint derived from the extinction map is 9.5 × 104M.
The total mass of all identified islands derived from the
850 µm map is 1.3 × 103M and the total mass of the
YSOs is 6.6 × 102M assuming a typical mass of 0.5 M
for all sources. Clearly, the islands trace the densest mate-
rial, whereas the broader Southern Orion A cloud includes
a significant diffuse component. Also, we see that the YSO
population tracks quite well with the islands especially at
higher column densities, indicating a connection between
the densest gas and the YSO population. The associations
between YSOs and observed structure are further explored
throughout this paper and especially in Section 4.
Note that in Figures 6 and 7, we can see the effect of
the large-scale mode subtraction applied to this dataset. The
islands we identify are moderate-scale, heavily extincted re-
gions which comprise a small portion of the map in both
mass and area (approximately 1.4% and 2.2%, respectively).
These structures we identify undoubtedly lie within larger-
scale, less-dense structures; the material which links our is-
lands to the rest of the cloud. The details of how the largest
scales in a molecular cloud connect to localised star-forming
regions are complex and not yet well understood. As we
explore throughout Section 4, however, the size scales and
mass scales accessible to SCUBA-2 continuum data repre-
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Figure 6. A subsection of the 850 µm SCUBA-2 image overlaid with contours from the extinction map obtained from Lombardi (private
communication). The solid, blue contours represent islands identified with the SCUBA-2 data while the dashed, dotted, and dash-dot
contours represent regions of the extinction map with column densities of 1.67×1022 cm−2, 3.32×1022 cm−2, and 5.00×1022 cm−2,
respectively.
sent siginificant areas of star forming material. Throughout
this analysis, we assume that the larger-scale modes to which
our observations are not sensitive only serve to increase the
gravitational instability of islands and fragments and there-
fore fuel the formation of stars.
4 ASSOCIATIONS WITH YOUNG STELLAR
OBJECTS
In this section we analyse the SCUBA-2 emission in con-
junction with the YSO catalogues presented by Megeath
et al. (2012) and Stutz et al. (2013) in an effort to associate
these dense gas structures with evidence of active star for-
mation. Megeath et al. (2012) constructed their catalogue
using a large-scale Spitzer Space Telescope survey while the
catalogue derived by Stutz et al. (2013) targeted more lo-
calised regions with the Herschel Space Observatory such
that their analysis would be sensitive to very deeply em-
bedded protostars. All the figures presented in this section
are colour-coded by the given emission structures’ individ-
ual association with different classes of YSOs. We define an
“association” between a YSO and an emission structure as
the YSO position falling within the boundaries of the ob-
ject of interest (island or fragment). A “strong” protostellar
association is when a protostar falls within one beam diam-
eter (∼ 15′′) of the object’s peak emission location. In this
work, we make no attempt to determine the class of a given
YSO independently and rely on the provided designations
of these sources in the catalogues of Megeath et al. 2012 and
Stutz et al. 2013. There are four YSO designations presented
by Megeath et al. 2012 which we combine with a “No YSO”
category to separate our detected emission structures into
five main groups.
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Figure 7. Three cumulative mass fractions plotted against the
column density: The entire Southern Orion A cloud (NICEST;
blue curve), the islands (SCUBA-2; red dashed curve), and the
YSOs (Herschel and Spitzer ; dotted curve). The cumulative mass
fraction for the whole cloud was derived from the NICEST ex-
tinction map. The cumulative mass fraction of the islands was de-
rived from the SCUBA-2 850 µm data of all the pixels contained
within the boundaries of each sources. The cumulative mass frac-
tion of the YSOs was derived by counting the number of objects
in the Megeath et al. (2012) and Stutz et al. (2013) catalogues
and assuming a mass of 0.5 M for each source.
P: Protostars. These objects have characteristics (such as
spectral energy distribution and colour) consistent with
Class 0, Class I, or Flat Spectrum sources, i.e., young, em-
bedded protostars. We also include five additional confirmed
protostars from Herschel Space Observatory observations
(see objects with a “flag” value of 1, indicating a “confirmed”
protostar, in Table 3 in Stutz et al. 2013). We differentiate
in the plots here between an island or fragment that simply
contains a protostar (denoted by a green outline) and an
island or fragment that contains a protostar that lies within
one beam of the peak emission position (denoted by a solid
green symbol).
FP: Faint Candidate Protostars. These objects have
protostar-like colours but Spitzer MIPS 24 µm emission
that is too faint (> 7 mag) for them to be considered robust
protostar detections (see the Kryukova et al. 2012 criteria
and Megeath et al. 2012 for more details). We denote asso-
ciations with faint candidate protostars by blue outlines.
RP: Red Candidate Protostars. These objects have suffi-
ciently bright MIPS 24 µm emission but lack any detection
in Spitzer ’s shorter wavelength bands. Each source was vi-
sually inspected by Megeath et al. (2012) to differentiate it
from objects such as asteroids or background galaxies. We
denote associations with red candidate protostars by red
outlines.
D: Discs. These objects have characteristics consistent with
Class II sources, i.e., pre-main sequence stars with discs. We
denote associations with discs by brown outlines.
No YSOs: No Associated YSOs. If none of the above objects
lie within the boundaries of a given emission structure, we
denote it with a black outline.
We also analysed four protostar candidates which were iden-
tified in Stutz et al. 2013 (objects with a “flag” value of 2,
indicating a “candidate” protostar, in Table 3 in Stutz et al.
2013). Only one of these, however, is contained within the
boundaries of an island or a fragment and it lies a significant
distance from the nearest 850 µm dust emission peak. We
therefore chose not to include it in this analysis. In total,
there are 212 protostars, 1081 disc sources (or, discs), 27
faint candidates, and 2 red candidates within the SCUBA-2
mapped area analysed in this paper.
4.1 An Overview of the YSO Population in the
850 µm SCUBA-2 map
In the top panel of Figure 8, we plot the 850 µm flux mea-
sured at each YSO location. The right edge of the first
bin represents the threshold flux level for a pixel to be in-
cluded in an island or a fragment. Each bin has a width of
3σrms,pix = 28 mJy beam−1. Here, we see that 72% of pro-
tostars lie on pixels with 850 µm fluxes above this adopted
threshold value. Since young protostars are deeply embed-
ded objects that are still accreting mass from surrounding
material, their correspondence with bright 850 µm emis-
sion is expected. More-evolved protostars eventually dis-
perse this surrounding material and should have lower asso-
ciated 850 µm fluxes than their younger counterparts. Due
to their still young ages, however, even the more-evolved
protostars have not had time to move a significant distance
away from their parent emission structure or for this struc-
ture to have dispersed and thus still reside within islands
(see Section 4.5, Stutz & Gould 2015, and Megeath et al.
2016 for further discussion).
The remaining 28% of protostars which do not appear
within islands represent an interesting population. In some
cases, protostars lie just beyond island boundaries by ∼ 3′′
to 10′′ and these could well be more-evolved objects that
formed in the nearest island but shed enough local material
or were gravitationally ejected such that they now lie outside
its boundaries. In other cases, the protostars may simply be
misclassified. Interestingly, Heiderman & Evans (2015) re-
cently found the same percentage of protostars which appear
to be misclassified using an independent data set: the Gould
Belt “MISFITS” survey. In their survey, Heiderman & Evans
(2015) observed HCO+(J=3-2) toward all the Class 0/I and
Flat spectral sources identified by Spitzer (from Megeath
et al. 2012) and distinguished protostars from discs follow-
ing van Kempen et al. (2009). Similar to our results with
SCUBA-2 at 850 µm, Heiderman & Evans (2015) found that
only 72% of their sample met the line criteria for proto-
stellar classification. Thus, a significant fraction of proto-
stars may be misclassified based on their SEDs. In addition,
line-of-sight coincidences between more-evolved Class II/III
sources and dense gas could result in additional misclassifica-
tions (e.g., from underestimated extinction corrections in the
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Figure 8. Two metrics to analyse the population of YSOs in the context of their association with fragments. Top: A measurement of the
850 µm flux at the location of a YSO in units of Jy beam−1. The width of each bin is 3σrms,pix = 0.028 Jy beam−1. The first bin also
includes YSOs which are located on negative 850 µm flux pixels; in this bin, there are 872 disc sources. The final bin shows the number
of YSOs coincident with pixels that are brighter than 1.0 Jy beam−1. Bottom: The distance between a given YSO and the location of
the nearest fragment’s localised emission peak. Each bin has a width of 15′′ ' 1 beam = 6750 AU. The final bin shows the number of
YSOs which lay further than 2.0 pc from the nearest emission peak. The magenta line on the right edge of the first bin highlights objects
which are within ∼ 1 beam of the nearest localised emission peak.
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near-infrared bands). Since the Orion cloud has a large and
dense YSO population, such coincidences are more likely.
The top panel of Figure 8 shows that disc sources, as
expected, are found generally at locations of low emission.
These more-evolved objects have had time to migrate away
from their parent structures and by definition they should
not have a dense envelope. Emission we detect around iso-
lated disc sources is presumably due to the remnant of the
dispersed natal envelope or excess material finishing its col-
lapse. Of course, we expect some discs to also align with
bright emission locations simply because of projection ef-
fects. The majority of faint protostar candidates also seem
to lie at lower levels of 850 µm flux, indicating that they are
likely not young protostellar objects. The two red protostar
candidates which fall into our Southern Orion A map, how-
ever, do have significant associated flux which strengthens
the evidence of their classification.
The bottom panel of Figure 8 shows the distribution
of distance between a given YSO and its nearest fragment’s
peak emission location. Fragment peak emission locations
were chosen as opposed to islands as it is the former objects
that are more likely the formation sites of an individual to
a few protostars. We only include YSOs which lie on pixels
within the SCUBA-2 footprint of Southern Orion A. Here,
we find similar results to the top panel, i.e., disc sources ap-
pear to be more scattered about the map than protostars
(see Section 4.5). In contrast, approximately half of the pro-
tostars lie within one beam of the nearest peak flux location
and the population as a whole is peaked toward closer dis-
tances. Moreover, the red protostar candidates seem to have
strong associations with potential star-forming sites whereas
the faint protostars can lie quite separated from these re-
gions, indicating the latter may be misclassified background
galaxies.
4.2 Star Formation in Fragments
More so than islands, it is the compact, localised fragments
for which we expect Jeans unstable cases to be forming (or
to eventually go on to form) stars. Thus, in Figure 9, we
compare fragment concentrations with their Jeans stabil-
ities. Highly concentrated sources are expected to have a
higher degree of self-gravity, eventually collapsing and form-
ing one to a few stellar systems. As discussed in Section 3.1,
the concentration is a measure of the spatial distribution of
emission. Using Equation 4, we determine which fragments
are concentrated (values nearer to 1) or more uniform (val-
ues nearer to 0). In Figure 9, green dashed lines indicate the
nominal gravitational instability line M/MJ > 1 (horizon-
tal) and C = 0.5 (vertical). C = 0.5 is chosen because it
represents a relatively concentrated core approximately half
way between a uniform density (0.33) and self gravitating
Bonnor Ebert sphere (0.72) (see Johnstone et al. 2001). Note
that the fragments fall broadly into two regimes: 1.) gravi-
tationally stable and with uniform emission and 2.) gravita-
tionally unstable and with peaked emission. We note as well
that the diamond symbols in Figure 9 represent a fragment
which belongs to a complex island (an island containing at
least two fragments) and a circle represents a fragment which
traces isolated, monolithic structure.
We would expect the gravitationally unstable, peaked
fragments to be the population which is associated with pro-
tostars. In general, we see this is the case. In Figure 9, only
8% of the fragments without discernible signs of YSOs ap-
pear unstable and concentrated. Of those, the fragments
which were extracted from monolithic islands (or have no
island associations) are outnumbered by those which were
extracted from complex islands (21% and 79%, respectively).
Conversely, we would expect the gravitationally stable, less
peaked fragments to be the population which is not actively
forming stars. Indeed, only 23% of the stable and uniform
fragments appear to have YSOs. Almost all of these frag-
ments are associated with monolithic islands (83%); that is,
they do not have “siblings” within the same island.
There are two main possibilities for explaining the frag-
ment population in the bottom left quadrant of Figure 9
that are associated with protostars. First, during the forma-
tion of the protostar, the mass reservoir around the central,
bright object has been depleted by accretion to the extent
that the now diffuse gas and dust falls below our detection
limit. Similar situations were noted by Mairs et al. (2014)
through the synthetic observations of a numerical simula-
tion. Thus, these objects are more-evolved Class I proto-
stars. Second, our data may be insensitive to some mass due
to the large-scale structure subtraction discussed previously
(see Chapin et al. 2013 and Mairs et al. 2015). In at least
some cases (see below) this can cause structure identifica-
tion algorithms to detect multiple individual sources instead
of one larger source, leading to an underestimate of the true
stability. Also note that the dust continuum traces the enve-
lope and disc and not the mass associated with the central
protostar itself (which is optically thick but slightly beam
diluted at these wavelengths). The actual mass of the sys-
tem, therefore, is greater than the measured mass (see Mairs
et al. 2014 for a discussion on including protostellar masses
in stability calculations based on synthetic observations of
numerical simulations).
Figure 10 shows two examples of the types of fragments
we identify with protostellar associations in the purportedly
“stable regime” of Figure 9. In the left panel, we see bright,
dense regions which may sit on top of a more uniform, large-
scale background to which the SCUBA-2 instrument is less
sensitive. In the data reduction procedure, if we were to
filter out less of the large scale structure, the boundaries of
isolated sources would broaden further into the diffuse struc-
ture and this may result in the blending of multiple islands
and fragments. Relaxing the filtering constraints, however,
leads to less confidence in the robustness of the detected
diffuse structure (see Chapin et al. 2013).
The right panel of Figure 10 shows one of the two “sta-
ble” fragments associated with protostars extracted from
complex (not monolithic) islands. The difference between
this structure and the monolithic, stable structure in the
left panel which harbours a protostar, however, is that the
smaller fragment was close enough to a larger structure to
have been included in the boundaries of the same island
rather than being identified as an isolated object. Both sta-
bility as well as concentration of course will depend on how
boundaries are drawn between the significant areas of emis-
sion. This example shows why performing source extrac-
tion in crowded areas is a difficult process, especially when
lacking the entire large-scale component. The unstable, low
concentration fragment associated with a disc source in the
lower right quadrant of Figure 9 is a similar object to the
MNRAS 000, 1–?? (2016)
16 S. Mairs et al.
 1.5  1.0  0.5 0.0 0.5 1.0 1.5
log(Mfragments/MJ,fragments)
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
C
on
ce
nt
ra
tio
n
Unstable
Peaked
No YSOs
D
RP
FP
P not at Peak
P
  .5  1.0  0.5 0.0 0.5 1.0 1.5
log(Mfragments/ J,fragments)
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
C
on
ce
nt
ra
tio
n
Sig. UnstableUnstable
Peaked
No YSOs
D
RP
FP
P not at Peak
P
Fragments
Figure 9. Fragment concentration versus fragment stability. The dashed green lines show a concentration of 0.5 on the ordinate and
the gravitational instability line on the abscissa. The vertical dashed black line represents an M/MJ ratio of 4 where we define sources
to be significantly unstable. Colours represent associations between the identified fragment and several classes of YSOs as denoted in
the legend. Diamonds represent a fragment which belongs to a complex island and a circle represents a fragment which traces isolated,
monolithic structure.
small fragment with the protostar near its peak presented in
the right panel of Figure 10. As described in Section 3, the
FellWalker algorithm has chosen the boundaries of these
individual fragments based on the minimum value between
localised peaks, i.e., the valleys between the mountains. If
a sufficiently low value is achieved, the algorithm will sepa-
rate structure accordingly (see Berry 2015). Again, a robust
recovery of the large-scale background structure may prove
useful in identifying how each fragmented area is related,
depending on the morphology of that structure. Any algo-
rithm designed to extract structure will have uncertainties in
object boundaries based on the user’s specific input param-
eters, culling processes, and end goals. Similarly, without
spectroscopic information, any algorithm will also be sub-
ject to projection effects, i.e., the possibility of more than
one source in the same line of sight. In terms of associations
with YSOs, however, we expect projection effects to be a
larger factor when associating dust-emission regions with
disc sources as opposed to protostars as the latter tend to
be embedded in their parent material. A further discussion
of the distribution of disc sources and protostars is provided
in Section 4.5.
While there is an intrinsic uncertainty in the opacity
(by assuming a fixed dust grain size) and the distance of
each object, we assume these two values are fairly consis-
tent across the entire Southern Orion A map. What may
change in different areas, however, is the temperature. We
have calculated each fragment’s M/MJ stability ratio based
on the assumption of an isothermal temperature of 15 K.
If this temperature was higher by 5 K, the stability ratio
would decrease by approximately a factor of 2 and each ob-
ject will be found to be “more stable”, assuming only thermal
support is counteracting the force of gravity. This difference
comes from a combination of the lower fragment mass as
well as the higher Jeans mass arising from assuming a hot-
ter temperature. Potential sources of heating include nearby
high-mass stars, the embedded YSOs themselves, and cos-
mic rays. If the temperature was 5 K colder, however, the
calculated stability ratio would increase by a factor of 3 and
objects would be more unstable.
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Figure 10. Typical examples of fragments calculated to be gravitationally stable to collapse yet having a strong association with a
confirmed protostar. In general, it is the lack of large-scale structure in the SCUBA-2 map which leads to these non-intuitive detections.
White contours show the boundaries of selected fragments. The crosses show the locations of YSOs following the same colour scheme
as outlined in previous figures and the text. Left : The isolated monolithic case. This particular fragment of interest (center) has no
associated island. Right : A case where the fragment is extracted from an island with multiple areas of significant emission. The blue
contours show the boundaries of islands in the field of view (part of L1641S). The fragment of interest is highlighted by the white arrow.
4.3 Island Fragmentation
We now turn our discussion to the connection between is-
lands and fragments in the context of fragmentation and star
formation. We remind the reader that a “complex island”
is defined to contain at least two fragments whereas an is-
land that displays only one area of significant emission is re-
ferred to as “monolithic”. In Figure 11, we compare the mean
gas number density with effective radius for islands (top
panel) and fragments (bottom panel). The colour scheme
of symbols remains the same for the YSO associations but
there is a subtle difference in the symbols themselves. For
the islands, a diamond represents a complex island and a
circle represents a monolithic island whereas for the frag-
ments, a diamond represents an object extracted from a
complex island and a circle represents an object extracted
from a monolithic island. The number densities were calcu-
lated assuming spherical symmetry using the effective radii
(see Table 3). Two lines of instability are shown represent-
ing one Jeans radius (beyond which we expect an object to
be unstable to collapse) and two Jeans radii (beyond which
we observe all objects to be fragmented). A third, dashed
green, line represents the detection lower limit for an island
(3σrms,pix = 28 mJy beam−1 = 3.73× 1021 cm−2). The rea-
son there is a gap between larger structures and this detec-
tion limit is because the data reduction process filters out
uniform, extended emission. An area of the sky with signif-
icant emission will only be recovered if it has some slope,
otherwise it will be filtered out with the signal attributed
to the sky. Thus, a uniform 3σrms,pix flux across an island’s
area is a conservative, rather than realistic, lower limit. The
Jeans radius is calculated by inverting Equation 3, assuming
the observed mass is the Jeans mass.
In Figure 11, larger objects are generally less dense, but
more unstable, as expected. The majority of the 43 complex
islands (79%) lie beyond the Jeans instability line (RJ) and
all the islands beyond the second instability line (2RJ) are
complex (19% of the complex sample). An object can be
unstable to collapse and not fragment when it is only slightly
too large (between RJ and 2RJ), but for an island to remain
monolithic above two Jeans radii, a non-thermal pressure
support would be needed in addition to thermal energy to
counteract gravity3.
The bottom panel of Figure 11 shows the break-up of
the larger islands into significant, individual fragments. We
see several cases where the individual fragments drawn from
complex islands are larger than two Jeans radii. The small-
scale monolithic objects in both panels are fairly consistent
with one another, indicating isolated regions have similar
properties whether we lay a simple contour around the emis-
sion region (as we did for islands) or we employ the Fell-
Walker algorithm (as we did for fragments). Between the
two instability lines we see several cases of fragments that
do not have associated YSOs but which can be found in
complex islands. There are also many interesting areas of
seemingly unstable, starless dust emission (see Section 4.4),
3 Note that if the molecular gas is indeed cooler than 15 K, each
object will be shifted upward to higher densities (recall that as-
suming a temperature of 10 K results in masses which are a factor
of three larger) and more of the complex islands would lie beyond
the lines of instability. The lines of instability will also vertically
shift as they vary linearly with temperature (e.g., a factor of 1.5
downward assuming 10 K as opposed to 15 K), but to a lesser
degree than the density. We note that the majority of the large
islands show signs of star formation via associations with YSOs.
There are, however, a few special cases which will be explored in
more detail in Section 4.4, below.
MNRAS 000, 1–?? (2016)
18 S. Mairs et al.
10 2 10 1
Island Radius (pc)
104
105
Is
la
nd
N
um
be
rD
en
si
ty
(c
m
 3
)
Min Island Size
Detection Limit
No YSOs
D
RP
FP
P
1 RJ 2 RJIslands
10 2 10 1
Fragment Radius (pc)
104
105
Fr
ag
m
en
tN
um
be
rD
en
si
ty
(c
m
 3
)
No YSOs
D
RP
FP
P not at Peak
P
Fr
ag
m
en
tN
um
be
rD
en
si
ty
(c
m
 3
)
Detection Limit
No YSOs
D
RP
F
P not at Peak
P
1 RJ 2 RJFragments
Min Fragment Size
Figure 11. The number density of a given object assuming a spherical configuration versus the radius of the object’s circular projection.
The colour scheme follows Figure 9. Top: Islands; diamonds represent complex islands and circles represent monolithic islands. The
green dashed line shows the detection limit. We chose the minimum island size such that every object had at least some measurable
structure. Bottom: Fragments; diamonds represent fragments extracted from complex islands and circles represent fragments extracted
from monolithic islands. Note that the smallest fragments were allowed to be smaller than the minimum island size. The magenta and
blue lines show 1 Jeans radius and 2 Jeans radii, respectively.
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though new, deeper surveys such as Vision4, however, may
uncover previously undetected embedded protostars.
To investigate further the connection between fragmen-
tation and star formation, Figure 12 shows histograms of
Jeans radii for the fragments in monolithic islands (top)
and complex islands (bottom), with separate distributions
for all sources and for those sources with protostars residing
less than 15” from the fragment peak flux position. In both
panels, the percentages above each bar show the fraction of
fragments within a particular bin that have a strong asso-
ciation with a known protostar. The top panel percentages
reveal that more unstable (R > RJ) monolithic structures
indeed show increasingly more evidence of star formation
(except in the final bin which represents one curious object
discussed further in Section 4.4). The bottom panel percent-
ages, however, reveal the same cannot be said for fragments
in more complicated, clustered environments. Here, it ap-
pears that more unstable structures within complex islands
do not necessarily show more evidence of star formation. Al-
though their parent islands may have protostars within their
boundaries, there are still some significantly dense, unsta-
ble emission peaks which have no associations with YSOs.
Such examples could indicate on-going collapse across a time
longer than the collapse of a single core (i.e. clustered star
formation may be more drawn out). Similar objects were
noted in models by Mairs et al. (2014) (also see Offner et al.
2010 for more information on the simulations used in that
study and a further analysis on fragmentation).
4.4 Starless Super-Jeans Islands
In Table 5, we present a list of starless islands in Southern
Orion A which are good candidates for follow-up studies.
Throughout this section, we highlight two islands which ap-
pear to be significantly gravitationally unstable, yet harbour
no YSOs of any class (see Figure 13). For these two objects,
there is no evidence from the existing Spitzer and Herschel
catalogues that star formation is taking place. In the left
panel of Figure 13, the central island (island index = 29)
appears to be entirely monolithic with no sign of fragmenta-
tion, e.g., we calculate the M/MJ ratio of this object to be
∼4 with a concentration of 0.67. If there are no projection
effects making this object appear larger and brighter than
it truly is due to line-of-sight superposition, there are four
scenarios which could explain its existence.
1. There are indeed deeply embedded protostars which can-
not be detected by Spitzer because the optical depth is too
high or the protostars are too faint. The Orion A Molecular
Cloud has a lot of bright, diffuse infrared emission which
can obscure faint protostellar sources (see Sadavoy et al.
2010b for a further discussion). Note that the Stutz et al.
(2013) Herschel catalogue does not cover this particular
island.
2. The M/MJ ratio is slightly overestimated because the
gas in this region is hotter than 15 K. Even with a 5 K
difference, however, the island would still have an M/MJ
ratio of ∼2. We also note that preliminary results from
4 http://homepage.univie.ac.at/stefan.meingast/vision.
html
temperature maps derived by Rumble et al. (in prep) sug-
gest that the temperature for this specific island is 14 K.
3. The mass in the island has been assembled using a non-
thermal support mechanism such as turbulent or magnetic
pressure and it is out of thermal equilibrium.
4. The island is still very young and has not had the time to
form protostars yet. This island may be a good follow-up
location for a first hydrostatic core, an early stage of star
formation which has long been theorised in the literature
(Larson 1969).
5. This island is not associated with the Orion Molecular
Cloud. If this object lies in the foreground of Orion by a
significant distance, the Jeans mass ratio would be overes-
timated.
In the right panel of Figure 13, we see a similar is-
land (island index = 33) but in this case, the object is
complex. In total, the island has an M/MJ ratio of ∼3 so
the observed multiple fragments are consistent with our ex-
pectation. Each of the two main fragments, however, are
themselves Jeans unstable with M/MJ ratios of 2 and 3,
respectively (from left to right), and concentrations of 0.65
and 0.61, respectively. Thus, even if the island is the result
of line of sight coincidence, each individual object is both
super-Jeans and starless.
4.5 A Toy Model for the Spatial Distribution of
Young Stellar Objects
In this section, we characterise the observed spatial distribu-
tion of disc sources and protostars from the Megeath et al.
(2012) Spitzer catalogue with a toy model based on the loca-
tions of each YSO with respect to the fragments calculated
to be Jeans unstable. Figure 14 shows the SCUBA-2 850 µm
map with the locations of the discs and protostars overplot-
ted. It is clear from the Figure that the surface densities of
these sources can be separated into two populations and we
label as “clustered” (away from the edges of the map and
close to fragments) and “distributed” (the sporadic sources
at larger distances from the clustered objects around frag-
ments). Recently, Megeath et al. (2016) studied the spa-
tial distribution of YSOs in Orion A and found that the
distributed population has a much lower fraction of proto-
stars than the clustered population, suggesting that this is
an older generation of YSOs. Stutz & Gould (2015) found
evidence that the Orion A filament may be oscillating, so
this distributed population of YSOs may have no associa-
tion with the dense gas observed as the gas itself has moved
away from this generation of forming stars, creating a “sling-
shot” mechanism.
With a simple model, we attempt to recreate simulta-
neously both the clustered and distributed populations of
YSOs using a few assumptions.
1. The lifetimes of large-scale emission structures are much
longer than those of individual discs and protostars such
that the currently observed structures are linked to the
formation of young stars and their present distribution.
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Figure 12. Histograms showing the total population of fragments extracted from monolithic islands (275 in total, 23 of which have no
island association; top) and fragments extracted from complex islands (156 in total; bottom) in the context of each object’s Jeans radius.
The main histograms (light yellow in the top panel and black in the bottom panel) show all fragments within each classification whereas
the secondary histograms (dark yellow in the top panel and grey in the bottom panel) show the fraction of fragments which contain a
confirmed protostar within one beam width of the peak location. The percentages written are the fraction of the subpopulation which
contains a protostar near the peak in each bin.
MNRAS 000, 1–?? (2016)
Southern Orion A: First Look 21
Table 5. A list of gravitationally unstable, starless islands. These objects are good candidates for follow-up studies.
Source Name (MJLSG) Island ID M
MJ
Concentration Aspect Ratio Monolithic/Complex
J053700.5-063711I 20 1.8 0.79 3.14 Monolithic
J053228.4-053420I 25 1.4 0.76 1.36 Monolithic
J053511.0-061400I 29 3.7 0.67 1.25 Monolithic
J053509.8-053754I 45 1.4 0.59 1.10 Monolithic
J053550.8-054142I 33 2.9 0.67 1.15 Complexa
J053622.8-055618I 38 1.9 0.73 1.01 Complexb
J053403.9-053412I 63 1.9 0.60 5.29 Complexc
a. Both fragments are also gravitationally unstable with M
MJ
ratios of ∼2 and ∼3.
b. Both fragments are also gravitationally unstable with M
MJ
ratios of ∼7 and ∼5.
c. Both fragments are nearly gravitationally unstable with M
MJ
ratios of ∼1.
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Figure 13. Islands which are calculated to be unstable to gravitational collapse yet harbour no evidence of associated YSOs of any class.
The blue contours indicate the boundaries of the island and white contours indicate the boundaries of selected fragments. Note that we
do not show the singular fragment in the main island in the left panel to emphasise that it is monolithic. Crosses denote YSOs colour
coded as in previous figures and outlined in the text (protostars appear in green; disc sources, however, have been shown in yellow so
that they are more visible). The colour scale has been chosen to accentuate the main islands of interest. Left : A monolithic island with
an M/MJ ratio of ∼4. The secondary structure to the left of centre is its own island, separate from the main emission region. Right : A
complex island wherein the two main fragments have M/MJ ratios of ∼2 and ∼3 from left to right, respectively.
2. All observed YSOs formed in fragments which are calcu-
lated to be Jeans unstable and every Jeans unstable frag-
ment has the same probability of producing a YSO.
3. The half-life age of discs is estimated to be t0.5 = 2 Myr
(Mamajek 2009; also see Alexander et al. 2014 for a dis-
cussion of disc dispersal) and we detect no discs older than
10 Myr. We choose 10 Myr as a hard limit for two rea-
sons. First, it is unlikely that a YSO older than 10 Myr
would have enough surrounding material to achieve a suit-
able signal to noise ratio to be visible in our 850 µm map
(see Dunham et al. 2015 for a review of YSO lifetimes).
Second, a YSO moving at a reasonable velocity has a high
probability of being ejected from the SCUBA-2 footprint
of Southern Orion A within 10 Myr.
4. We define protostars to have an age 6 0.5 Myr (Dunham
et al. 2015).
5. Discs and protostars are ejected in a random (3D) direc-
tion from their parent fragment (see Stutz & Gould 2015
for an alternative model).
6. The space velocities of the observed YSOs follow a
Maxwell-Boltzmann distribution with a fixed most prob-
able speed, vp (see below).
For the combined number of discs and protostars
present in the map, we first assign for each object a ran-
dom age between 0 Myr and 10 Myr (assuming a uniform
distribution). Then, we determine whether that age corre-
sponds to a protostar or a disc source (see Assumption 4,
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Figure 14. The observed spatial distributions of discs (brown) and protostars (green) plotted over the map of Southern Orion A. The
positions of these sources have been taken from the Megeath et al. (2012) and Stutz et al. (2013) catalogues.
above) and randomly determine the likelihood, l, that a YSO
of that age is detectable based on the half-life age of a disc
source (l = 0.5
[
age
t0.5
]
). If the disc source is “not detected”,
we do not calculate a speed or direction for it, we simply
start the code again until we detect the same total number
of discs and protostars present in the observed map. The
ratio of the numbers of protostars to discs derived through
this sampling remains relatively constant and reflects the
observed populations to within 7%.
Next, to determine the locations of the protostars and
discs which are detected, we select a random speed, v, from a
Maxwell-Boltzmann distribution with a specified most prob-
able speed, vp:
PDFMax−Boltz =
(
1
vp
√
pi
)3
4piv2e
−
(
v
vp
)2
. (6)
Ten vp values were tested from 0.1 km s−1 to 1.0 km s−1.
Finally, a random 3D direction is selected from an origin
representing the location of the peak emission pixel within
a selected Jeans unstable fragment, and we calculate the
projected distance traveled during the lifetime of the YSO
at the constant velocity drawn from Equation 6.
The top panels of Figure 15 show histograms of the new,
“detected” protostar locations based on chosen vp values of
0.2 km s−1 and 0.5 km s−1, respectively, along with the ob-
served distribution. It is important to note that fitting the
model protostar projected distances to the observed data in
the first few bins is more important than the extended tail.
The observed protostars in the extended tail are unlikely
to be true Class 0+I or flat-spectrum objects as they would
need to have particularly high velocities or advanced ages to
have travelled projected distances of more than 0.1 - 0.2 pc.
Recall from Section 4 that based on the brightness underly-
ing the protostars in the 850 µm continuum map, we expect
up to 28% of these objects to be misclassified. We find that
40 to 45 of the 209 total modelled protostars (20 to 22%)
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Figure 15. Top Left: The calculated projected distance between model protostar locations and the nearest fragment peak brightness
location assuming vp = 0.2 km s−1 in Equation 6 (cyan, dashed lines) plotted along with the observed distribution (green, solid lines).
We only include YSOs which lie on pixels within the SCUBA-2 footprint of Southern Orion A. Top Right: Same as top left, but with a
vp value of 0.5 km s−1. Bottom Left: The calculated projected distance between model disc source locations and the nearest fragment
peak brightness location assuming vp = 0.5 km s−1 in Equation 6 (magenta, dashed lines) plotted along with the observed distribution
(brown, solid lines). Bottom Right: Same as bottom left, but with a vp value of 0.7 km s−1.
lie beyond 0.1 pc in projected distance from their parent
fragment (also see the bottom panel of Figure 8).
As Figure 15 (top left) shows, selecting 0.2 km s−1 as
the most probable speed somewhat overestimates the num-
ber of protostars that are very close to Jeans unstable frag-
ments. Selecting 0.5 km s−1 (Figure 15, top right), however,
overestimates the number of protostars in the second, third,
and fourth bins where we expect to find only a few “real”
protostars. Thus, the vp value which best fits the observed
projected distances between protostars and fragment peaks
is between 0.2 km s−1 and 0.5 km s−1 assuming the same
vp value applies to the entire Orion A filament. To test the
accuracy of this toy model, each set of protostar projected
distances produced within this range reasonably fit the data.
If the speed is decreased below 0.2 km s−1, the model pro-
tostars are too clustered near their parent fragments com-
pared to the observed data while an increased speed above
0.5 km s−1 does not recreate this clustered population ac-
curately.
Note that Jørgensen et al. (2007) observe the young,
Class 0 protostellar population of the Perseus Molecular
Cloud to have a velocity dispersion that is comparable to the
sound speed cs ' 0.2 km s−1 in this region. More recently,
Frimann et al. (2016) synthetically observed the distribution
of Class 0 protostars within the MHD simulation RAMSES
and noted that the young, protostellar population has a 2D
velocity dispersion of ∼0.15 km s−1. In the same analysis,
Frimann et al. (2016) also note that the protostellar velocity
distribution resembles a log-normal function in the simula-
tions as opposed to our assumed Maxwell-Boltzmann distri-
bution. A log-normal distribution will have a much higher
fraction of high velocity sources that would travel further
distances from their places of origin in the same amount of
time. Frimann et al. (2016) also assumed the age of a Class
0 protostar to be 60.1 Myr. Note, however, that we follow
the protostellar definition from Megeath et al. (2012) that
also includes Class I and Flat-spectrum sources in addition
to Class 0 objects. Thus, we expect our best fitting vp values
to be somewhat higher in comparison (see below).
In Figure 16, we plot the same observed objects as
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Figure 16. The distributions of observed discs (brown), observed protostars (green), model discs (magenta), and model protostars (cyan)
plotted over the 850 µm map of Southern Orion A for a vp value of 0.5 km s−1.
in Figure 14 but we now include the model protostars
(cyan) and discs (magenta) produced assuming a vp value
of 0.5 km s−1. In this figure, we see that the overall spa-
tial distribution of model protostars is well matched to that
of the observations. Note, however, that Figure 16 shows
isolated observed protostars (green crosses) that do not lie
near the model protostar positions (cyan crosses). This dif-
ference results from the fact that we do not consider every
fragment to be producing YSOs, only those which we cal-
culate to be Jeans unstable. While this assumption holds
true in many cases, clearly there are other fragments which
we do not calculate to be Jeans unstable that are also as-
sociated with protostars. Our interpretation is that these
objects are either more-evolved protostars (e.g. Class I/flat
spectrum sources) and thus have had time to blow away
much of their outer material (i.e. remnants of what were
unstable islands/fragments) or are simply misclassified ob-
jects.
The bottom left panel of Figure 15 shows the projected
distance between the model disc sources and fragment peaks,
assuming vp = 0.5 km s−1. This histogram is too peaked
relative to the observations. This difference can be seen more
clearly in Figure 16 where the more distributed population of
observed disc sources is not well matched to the positions of
the model discs. For the observed discs to have formed in the
currently observed emission structure and then migrated to
their present locations they either have to live longer (half-
life > 2 Myr) or be moving at faster speeds than we are
assuming. Possibly, these older objects have undergone a
velocity evolution due to a more complicated gravitational
interaction history than their younger counterparts. Thus,
it is reasonable to assume that they may have a higher vp
than the protostars. We suggest a vp value of 0.7 km s−1 to
represent better the observed, distributed disc sources (see
the bottom right panel of Figure 15).
Note that there appears to be a trend in the veloc-
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ity with YSO class. Jørgensen et al. (2007), Frimann et al.
(2016) and references therein find the velocity dispersion
of Class 0 objects to be ∼0.1-0.2 km s−1. In this analy-
sis, we find that the population of Class 0, Class I, and flat
spectrum sources (the protostars) can be fit reasonably with
most probable velocities in the range of ∼0.2-0.5 km s−1.We
find that the Class II objects (the disc sources) have a most
probable velocity of ∼0.7 km s−1. These velocities, however,
are highly dependent on the lifetimes of each type of object.
Direct measurements of the velocity dispersion of young
(1 - 2 Myr; Class II) stars were measured by Foster et al.
(2015) in the NGC 1333 star-forming region as part of the
INfrared Spectra of Young Nebulous Clusters (IN-SYNC)
project (Cottaar et al. 2014). In this region, Foster et al.
(2015) find that their sample of young stars have a velocity
dispersion of 0.92± 0.12 km s−1. This is significantly higher
than Offner et al. 2009’s predicted velocity dispersion based
on a turbulent star-forming simulation as well as the velocity
dispersion of dense cores in the region of 0.51± 0.05 km s−1
as measured by Kirk et al. (2007) using N2H+(1-0) obser-
vations. Evidently, the velocity dispersion of YSOs in NGC
1333 appears to increase quickly after their formation (Fos-
ter et al. 2015) which is consistent with our results in South-
ern Orion A.
5 CONCLUSIONS
In this paper, we present the first-look analysis for the
Southern Orion A (south of δ = −5:31:27.5) SCUBA-2 con-
tinuum maps observed by the JCMT Gould Belt Survey,
concentrating on the 850 µm results. At a distance of 450 pc,
the Orion A Molecular Cloud is a nearby laboratory for ex-
amining active star-formation sites with the relatively less-
studied southern extent offering a wealth of objects to aid in
a better understanding of the dominant physical processes
present in the region. We identify structures in the map us-
ing two-step procedure to find islands and fragments, the for-
mer based on a simple flux threshold and the latter defined
using the algorithm jsa_catalogue (see Section 3). We
then examine the column-density map derived from 2MASS
extinctions (Lombardi, M. private communication) for the
whole of Southern Orion A, the islands, and the YSOs to
characterise the large-scale context to which our SCUBA-2
map is not sensitive (see Section 3.4). We show the mass dis-
tributions and comment on the concentration of fragments
in terms of their Jeans stability (see Sections 3.2 and 4.2).
We then discuss the number density of the identified emis-
sion structures in terms of their Jeans radii and highlight
two examples of starless, super-Jeans objects which merit
a follow-up study with kinematic information (see Section
4.3).
Using the Megeath et al. (2012) and Stutz et al. (2013)
Spitzer and Herschel YSO catalogues, we associate proto-
stars, protostar candidates, and disc sources with the de-
tected islands and fragments. We also discuss the YSO
population itself by measuring the 850 µm intensities at
the locations of each object (as well as the column den-
sities derived from the extinction map) and the distances
between each object and its nearest localised SCUBA-2
emission peak. To extend this analysis further, we exam-
ine the spatial distributions of disc sources and protostars
in more detail by constructing a toy model of their lo-
cations based on simple assumptions and compare them
with those of observations (see Section 4). The 450 µm and
850 µm maps, their associated variance maps, and the is-
land and fragment catalogues are all publicly available at:
https://doi.org/10.11570/16.0007.
Our main results are enumerated below.
1. There are emission structures with a variety of sizes,
flux levels, and morphologies present in Southern Orion A
(see Figure 1). As expected from local Jeans lengths, many
large islands are often subdivided into multiple localised
fragments (see Figures 4 and 11). There are, however, sev-
eral objects which require further study (see Table 5 and
Section 4.4).
2. Fragments are significant sites of star formation (see Fig-
ures 9 and 11). We find that those fragments that are Jeans
unstable tend to have higher concentrations than those
fragments that appear stable.
3. The most Jeans unstable, monolithic structures show the
most evidence for ongoing star formation due to their asso-
ciations with protostars near the peak brightness location
(see Figure 12). This is in contrast to fragments extracted
from complex islands (i.e., they have siblings in their parent
cloud). Starting at anM/MJ ratio of 1, these latter objects
do not necessarily show more evidence of star formation at
higher degrees of instability (see Figure 12) implying clus-
tered star formation may be more drawn out.
4. Class 0+I and flat-spectrum sources have higher associ-
ated 850 µm brightness values and are closer to the near-
est fragment’s peak emission than their more-evolved disc
counterparts. We find a similar result as Heiderman &
Evans (2015) in that only ∼72% of the objects defined as
Class 0+I and flat-spectrum protostars are above a signifi-
cant flux threshold, suggesting that some of the protostars
identified in previous surveys may be misclassified.
5. The observed spatial distribution of disc sources across
Southern Orion A has a “clustered” population and a
“distributed” population. We can reproduce the projected
distances between protostars and their nearest fragment
reasonably well by using a simple toy model. Assuming
a Maxwell-Boltzmann velocity distribution for these ob-
jects, we derive a range of most probable velocity val-
ues, vp = 0.2 − 0.5 km s−1, which reasonably fit the spa-
tial distribution of protostars observed by Megeath et al.
(2012) and Stutz et al. (2013). The model disc source loca-
tions, however, do not recreate the distributed population
in Southern Orion A using the same vp values. There ap-
pears to be a trend in velocity with respect to YSO classes.
We find the Class II objects (the disc sources) require a vp
value of 0.7 km s−1 (see Figure 15).
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APPENDIX A:
In this section, we perform a brief comparison between
the Southern Orion A 850 µm map which has had the
CO(J=3-2) emission removed and the 850 µm map where
it has not been removed. Figure A.1 shows the relative lo-
cations of the fragments detected in each map using the
jsa_catalogue algorithm. The magenta squares represent
the peak locations of fragments that were found in the map
containing no CO(J=3-2) emission and the black crosses de-
note peak locations of fragments found in the map contain-
ing CO(J=3-2) emission. It is clear that the subtraction of
this broad emission line has a minimal effect on the detected
structure throughout the entire Southern Orion A region.
The occasional (∼ 2%) fragments which have no counter-
part are small areas of low-level emission that do not have
any significant bearing on the final results.
In Figure A.2, we plot the peak flux values of the frag-
ments which coincide in each of the two maps. If a fragment
in one map has a peak pixel location within one beam diame-
ter (15′′) of the peak pixel location of a fragment in the other
map, it is included in the plot. 408 out of 431 fragments met
this condition. The solid black line in the Figure shows a 1:1
ratio. Evidently, even the faintest peak brightness values are
not significantly altered when the CO(J=3-2) emission line
is subtracted from the 850 µm continuum emission.
To see how structure is affected on larger scales before
and after the CO subtraction, we first identify islands in the
850 µmmap that includes emission from the CO(J=3-2) line
and measure their total fluxes. We then compare these values
to the total fluxes measured within the same boundaries
using the map which has had the CO subtracted. Figure A.3
shows the results for all these islands, and in Figure A.4, we
split the results into three sections that highlight low total
flux, medium total flux, and high total flux, zooming in for
clarity.
In general, we find that the CO-subtracted islands
match well the emission from the non-subtracted islands,
suggesting that the CO emission is a minor contribution to
the total flux. We see in the medium and high total flux
regimes, the islands follow a 1:1 relationship and they do
not vary more than 10%. This is approximately the error
associated with flux calibration of the images. In the low
total flux regime, however, we see more scatter. The lowest
flux objects are not of any particular concern as they will
have little bearing on the results and they are clustered quite
close to the 1:1 line. We highlight the two sources which are
the most affected by the CO subtraction using red circles
(although they are both below the 3σ level of the scatter).
These two islands are found near the northern border of the
map. They are both ∼0.2 pc in diameter assuming a circular
projection, starless, and faint. Therefore, including or sub-
tracting the CO emission from these small sources will not
affect any of the main conclusions in this analysis. In the
map that has undergone CO subtraction, one of these is-
lands breaks up into two components (J053318-053421I and
J053313-053506I) while the other remains one single struc-
ture (J053556-053418I). None of these small features have
been analysed in previous literature and they were not in-
cluded in the SCUBA catalogue constructed by Di Francesco
et al. (2008).
In summary, it does not appear that CO(J=3-2) line
contamination has any significant effect on the Southern
Orion A 850 µm continuum data. In the analysis performed
in this paper, we used the CO subtracted SCUBA-2 maps.
Both, however, are available online.
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Figure A.1. The relative locations of detected fragments detected using the jsa_catalogue algorithm in the Southern Orion A map
where the CO(J=3-2) emission has been subtracted (magenta squares) and the map which includes the CO(J=3-2) emission (black
crosses).
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Figure A.2. The peak flux values of the fragments detected in each map (with and without the CO(J=3-2) emission). The solid, black
line is a 1:1 ratio.
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Figure A.3. The total flux values of the islands detected in each map (with and without the CO(J=3-2) emission). The solid, black line
is a 1:1 ratio.
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Figure A.4. Same as Figure A.3, but zoomed in to three sections for clarity. The solid, black line is a 1:1 ratio. Top left : Low total flux.
The two red circled islands are the sources which were most affected by the subtraction of the CO line emission. Top Right : Medium
total flux. bottom: High total flux.
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